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© An apparatus 10 for maintaining a constant tem- 
perature within a vessel 12 immersed in a liquid 20 
by surrounding a portion of the vessel 12, extending 
above the surface 22 of the liquid 20, with a wick 50. 
The wick SO conducts liquid 20 up to a predeter- 
mined point on the vessel 12 and maintains the 
liquid 20 at that point, regardless of changes in the 
level of the liquid 20 due to evaporation. The wick 50 
is encased within a layer of heat insulating or heat 
conducting material 60 to further aid in maintaining a 
constant temperature within the vessel 12. A second 
embodiment, including alternating layers of heat 
conducting 160 and heat insulating 180 material, is 
disclosed for increased temperature control. The dis- 
closed apparatus 10 is particularly useful for main- 
taining a constant temperature within a vessel 12 
attached to a scientific instrument, such as a pore 
volume and surface area analyzer. 
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A TEMPERATURE CONTROLLING APPARATUS FOR USE WITH PORE VOLUME AND SURFACE AREA 

ANALYZERS 



Technical Field 

The present Invention relates to apparatus for 
controlling the temperature within a vessel, and 
more particularly relates to a wick apparatus. 



Background Art 

ft is often desired to analyze laboratory sam- 
ples under fixed conditions of temperature and 
pressure in scientific experiments. In a typical sci- 
entific laboratory environment, temperature fluctu- 
ations occur at random. Various devices such as 
temperature controlled water baths, incubators and 
refrigeration rooms have been employed in an at- 
tempt to combat these fluctuations; however, these 
devices are expensive and cannot maintain ex- 
tremely low or extremely high temperatures. 

Analyses which must be performed at cryo- 
genic temperatures are often conducted within a 
bath of liquid nitrogen. Liquid nitrogen boils at 
room temperature making frequent replacement of 
the evaporated liquid necessary. In lengthy experi- 
ments this need for constant replacement is often 
inconvenient 

An additional problem encountered in the ana- 
lysts of samples under cryogenic conditions is that 
if a sample being analyzed is contained within a 
vessel, and only a portion of the vessel is im- 
mersed in the liquid, a temperature gradient is 
produced within the vessel above the sample. The 
bottom of the vessel, in contact with the liquid, is at 
the cryogenic temperature, but the gases within the 
non-immersed portion of the vessel become pro- 
gressively wanner as the top of the vessel is ap- 
proached, even if the vessei is a closed container* 
The gradient exists because the air outside the 
vessel ranges from a very tow temperature, near 
the evaporating cryogenic liquid, to ambient tem- 
perature at a particular height above the cryogenic 
liquid. These gradations in temperature affect pri- 
marily the portion of the vessel not submerged in 
the liquid. The air outside the vessel, immediately 
above the surface of the cold liquid, is cold be- 
cause it contains cold gaseous molecules formed 
from the evaporating liquid. These cold gaseous 
molecules are warmed by adjacent air molecules 
and become dispersed in accordance with the sec- 
ond law of thermodynamics, so that, th farther a 
gas molecui rises from th surface of the liquid, 
the warm r it b comes. Th heat from the warmed 
gas and air molecules utsid the vessel is con- 



ducted through the wails of the vessel to the gases 
contained within the vessel. Therefore, the tem- 
perature of the gases within the vessel is not 
constant and the continuing evaporation of the 

s cryogenic liquid increases the length of the tem- 
perature gradient 

The need for a static environment is critical 
during the measurement of the surface area and 
pore volume of a solid sample. The measurement 

70 of surface area and pore volume is often deter- 
mined by instruments which obtain points for a 
BET curve, such as shown in U.S. Patent No. 
3350,040. Small pressure changes in the gases 
within a vessel surrounding a sample at constant 

is temperature are measured as part of the deter- 
mination of surface area and pore volume values. 
An accurate reading of pressure can only be mad 
under conditions of non-fluctuating temperature, 
most frequently a stable cryogenic temperature, 

20 because uncontrolled changes in temperature cre- 
ate uncontrolled changes in pressure. This can 
lead to errors in the measured amount of gas 
adsorbed by the sample. 

'Several prior devices have been developed to 

25 maintain gases at a constant temperature within a 
vessel. In one device, the cryogenic liquid is con- 
tained within a Dewar flask, and the entire flask is 
raised at the same rate that evaporation occurs, 
thereby keeping the level of the liquid at the same 

30 height with respect to the vessel. The major dis- 
advantage to this device is that as the Dewar flask 
is raised, it surrounds more and more of the pre- 
viously exposed portion of the vessel and traps and 
cold gas molecules as they evaporate from the 

35 cryogenic liquid, thereby shining the gradient and 
creating uncontrolled temperature and pressure 
changes within the vessel. 

Another device, described In U.S. Patent No. 
3,850,040, transfers fresh liquid to the Dewar flask 

40 at the same rate that evaporation occurs, so that 
the height of the liquid remains at a constant level. 
In this device the temperature gradient does not 
shift The major disadvantage to this device is that 
in humid climates, ice can accumulate within the 

45 valves and seals on the apparatus used to pump 
the liquid from the reservoir to the Dewar flask and 
can cause the device to fail. 

Thus, there is a need for a simple device that 
maintains an evaporating liquid at a constant height 

50 in order to keep the gases within a vessel im- 
m rsed in the liquid at a constant t mperature. 
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Summary of the Invention 

The present invention solves the probl ms with 
prior art devices for maintaining gases within a 
vess I at constant temperatur , by providing an s 
apparatus which maintains a liquid at a fixed height 
surrounding'the gas-containing vessel* 

Generally described, the present invention is 
an apparatus for controlling the temperature within 
a vessel, comprising a container of liquid, wherein to 
at least a portion of the vessel extends above the 
surface of the liquid; and means for conducting the 
liquid up to a predetermined point on the vessel 
regardless of changes in the level of the surface of 
the liquid. 75 

More particularly described, the present inven- 
tion is an apparatus for maintaining a sample con- 
tained in a vessel at a constant temperature, com- 
prising a container of volatile cooling liquid in which 
the vessel Is immersed, so that the vessel extends 20 
above the surface of the liquid; and means for 
conducting the liquid from the container along the 
vessel to a predetermined point on the vessel 
above the surface of the liquid, regardless of 
changes in the level of the surface of the liquid. 25 

Preferably, the means for conducting the liquid 
* up to a predetermined point on the vessel com- 
prises capillary action and further comprises a wick 
including connected capillary passageways which 
extend from a point below the surface of the liquid 30 
to the predetermined point on the vessel. The 
capillary passageways of the wick preferably have 
an average diameter of about 20 microns when 
liquid nitrogen is the cryogenic liquid, and the 
predetermined point along the vessel is from 7 to 35 
10 inches above the initial surface of the liquid. 

The apparatus preferably comprises a sleeve- 
shaped wick, contacting the vessel and extending 
below the surface of the liquid, surrounded by an 
outer sleeve of material impervious to the liquid. 40 
The outer sleeve allows the wick material to be 
packed to a desired density, and it channels the 
wicked liquid along the vessel wall The outer 
sleeve is preferably a thermal insulator. The wick 
and sleeve can also comprise one layer of material 45 
surrounding the vessel, with the inner region being 
porous and the outer surface fused into a heat 
insulating barrier, impervious to the liquid. The ap- 
paratus can further comprise a heat conducting 
sleeve surrounding the thermal insulating sleeve. so 

The wick, by conducting the liquid to a pre- 
determined point on the vessel, surrounds the ves- 
sel with a wall of cold liquid and maintains the 
substances within the vessel, including gases, at a 
constant temperature. Th Insulating si eve, sur- 55 
rounding the wick, keeps th liquid within th cap- 
illaries of the wick from vaporating from the sides 
of th wick, and ther by assists the wick in main- 



taining a constant temperature within th vessel. 
The heat conducting sleeve contributes an addi- 
tional barrier between the wick and th varying 
temperature of the air outside of the wick and thus 
aids in keeping the temp rature within the vessel 
constant The heat conducting sleeve conducts 
heat from the air directly down to the liquid within 
the container and thus helps to prevent the con- 
duction of heat into the vessel. 

More particularly described, the liquid can 
comprise any of a great number of liquids provided 
they are of such a character and the ambient 
conditions are such that they evaporate relatively 
readily. An evaporating cooling liquid, such as liq- 
uid nitrogen is a typical example. The wick can 
comprise one of many materials such as fibrous 
materials including refractory fibers, spun kaolin 
clay, and glass fibers; packed particles; or porous 
ceramic material or plastic. The conducting steeve 
can comprise a heat conductive material or metal, 
such as copper, and the heat insulating sleeve can 
comprise a heat insulating material such as epoxy- 
filled woven glass filaments. 

The present invention also provides a method 
of cooling a sample contained in a vessel, compris- 
ing the steps of immersing the vessel in a con- 
tainer of volatile cooling liquid with a portion of the 
vessel extending above the surface of the liquid, 
and conducting the liquid from the container along 
the vessel to a predetermined point along the 
length of the vessel above the surface of the liquid 
regardless of changes in the level of the surface of 
the liquid. 

Thus, it is an object of the present invention to 
provide an improved apparatus for maintaining gas- 
es within a vessel at a constant temperature. 

it is a further object of the present invention to 
provide an improved apparatus that uses an exter- 
nal liquid to - maintain gases within a vessel at a 
constant temperature. 

It is a further object of the present invention to 
provide an improved apparatus for maintaining gas- 
es within a vessel at a constant temperature with- 
out creating a varying temperature gradient outside 
of and within the vessel. 

it is a further object of the present invention to 
provide an improved apparatus that compensates 
for the loss of an evaporating liquid without utilizing 
moving mechanical parts. 

Other objects, features, and advantages of the 
present invention will become apparent upon read- 
ing the following detailed description of a preferred 
embodiment of the invention, when taken in con- 
junction with the drawing and the appended claims. 
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Bri f Description of the Drawings 

FIG. 1 is a vertical cross-sectional view of 
the temperature controlling apparatus embodying 
the present invention. 

FIG. 2 is a vertical cross-sectional view of a 
second embodiment of the present invention. 

• FIG. 3 is a vertical cross-sectional view of a 
third embodiment of the present invention. 



Detailed Description 

Referring now in more detail to the drawing, in 
which like reference numerals refer to like parts 
throughout the several views, FIG. 1 shows a tern* 
perature controlling apparatus 10 embodying the 
present invention. The apparatus includes a con* 
tainer 12, preferably an insulated container such as 
a Dewar flask, having an external wall 14 surround- 
ing a vacuum chamber 16* It will be understood 
that any container capable of withstanding extreme- 
ly hot or cold temperatures of the particular liquid 
to be placed therein, can be substituted for the 
Dewar flask, depending on the nature of the liquid 
to be held in the container. 

The container 12 is partially filled with a liquid 
20, preferably an evaporating cooling liquid such as 
liquid nitrogen. Liquid nitrogen is preferred for 
many applications because it boils at room tern* 
perature, maintaining a constantly cold tempera- 
ture. The uppermost level of the liquid defines a 
horizontal surface 22 from which evaporating liquid, 
or vapor, escapes. 

A test sample 25 is placed into a vessel 30 for 
analysis. The vessel comprises a size and shape 
capable of being inserted within the liquid-filled 
container 12. The sample-containing vessel 30 is 
then immersed in the liquid 20 in the container 12. 
The preferred vessel 30 of the present invention 
includes a sphere 32 at the lowermost end of the 
vessel having an opening 33 connected to an elon- 
gated tube 34 extending upwardly from the sphere. 
The preferred vessel 30 thus can be a round- 
bottomed volumetric flask of the type commonly 
used in scientific laboratories. For some applica- 
tions, such as continuous flow sample analysis, the 
sample vessel may be a U-shaped tube. The entire 
vessel is made of a substance capable of with- 
standing the temperature of the liquid into which it 
is Immersed. Preferably, the vessel is made of a 
substance capable of withstanding extremely hot or 
cold temperature, such as PYREX® brand glass- 
ware. 

The sphere 32 of th sample-containing vessel 
30 is normally immersed below the surface 22 of 
the liquid 20 as shown in RG. 1. Th longated 
tube 34 may also be immersed partially below the 



surface 22 of the liquid and is removably attached 
at its uppermost end 36 to an analytical scientific 
instrument (not shown). The attached analytical in- 
strument may be, for example, a pore volume and 

5 surface area analyzer such as a DigiSorb 2600 
analyzer, manufactured by Micromeritics Instru- 
ment Corporation, 5680 Goshen Springs Road, 
Norcross, Georgia. The pore volume and surface 
area of the sample 25 contained within the sphere 

70 32 of the vessel 30 is determined according to the 
well known methods as described in U.S. Patent 
No. 3,850,040. The principles of the DigiSorb 2600 
analytic instrument are also described in U.S. Pat- 
ent No. 3,850,040. 

ts As shown in FIG. 1, the elongated tube 34 of 
the vessel 30 Is surrounded by a sleeve or wick 50. 
The wick 50 extends from beneath the surface 22 
of the liquid 20 to a predetermined point seven to 
ten inches above the initial surface 22 of the liquid 

so 20. The height of the wick 50 should be lower than 
the height of the walls of the container 12. The 
wick is comprised of a material including connect- 
ing capillary passageways such as cellulose, glass, 
spun kaolin clay, or refractory fibers; porous ce- 

25 ramie material; porous plastics; or any other porous 
material containing connecting capillary passage- 
ways. When the liquid 20 is liquid nitrogen, the 
capillary passageways of the wick 50 preferably 
comprise an average diameter of approximately 

30 twenty microns to promote efficient flow of liquid 
nitrogen up through the wick 50. 

In the preferred embodiment of the present 
invention, a layer or sleeve 60, impervious to the 
liquid 20, surrounds the outer surface of the wick 

35 50. The sleeve may extend below the surface 22 of 
the liquid 20 so that it fully covers the wick 50, but 
should not enclose the lowermost end 54 of the 
wick, enabling the liquid 20 to freely flow up into 
the connecting capillary passageways of the wick. 

40 Likewise, the impervious sleeve 60 should not 
completely enclose the uppermost end 56 of the 
wick 50. The uppermost end 56 of the wick should 
be vented into the atmosphere to allow gaseous 
molecules from the evaporating liquid 20 to es- 

45 cape, thus maintaining the upward capillary move- 
ment of the liquid 20 within the capillary passage- 
ways of the wick 50. 

It will be understood that the temperature con- 
trolling apparatus of the present invention can com- 

so prise a wick without an impervious sleeve; how- 
ever, the liquid 20 contained within the capillary 
passageways will not only evaporate from the up- 
permost end 56 of the wick 50, but will also evap- 
orate unevenly from the side 56 of the wick where 

55 exposed to the warm air. Evaporation from the side 
58 of the wick 50 decreases the efficiency of the 
wick and may cause a fluctuating temperature gra- 
dient at the upper end of 'the tube 34. ft has been 



4 



7 



0 239 221 



8 



found that a short wick can operate efficiently with- 
out an impervious sleeve 60, but that a longer wick 
should be used with an impervious sleeve to obtain 
increased wick efficiency. Furthermore, th sleeve 
60 allows the wick material to be packed into the 
sleeve to a density providing capillary passage- 
ways of a desired average size. 

The impervious sleeve 60, surrounding the 
wick 50, comprises either a heat insulating material 
such as epoxy-filled woven glass filaments, or a 
heat conducting materia) such as metal, preferably 
copper, it will be understood that any impervious 
material capable of withstanding extremely hot or 
cold temperatures, as required, can be substituted 
for the glass filaments or copper. Use of the heat 
insulating sleeve is preferred for surrounding short 
or medium length wicks. The heat insulating sleeve 
inhibits evaporation from the side 58 of the wick, 
but some heat diffuses through the Insulating ma- 
terial from the air to the wick, permitting evapora- 
tion at a point below the top of the wick and 
decreasing the efficiency of the wick 50. A major 
advantage to the heat insulating sleeve is that, 
because ft does not conduct heat, it conserves the 
use of the liquid 20 in the container 12 as ex- 
plained below. On the other hand, a heat conduct- 
ing material, such as copper, may be preferred for 
use with long wicks. Greater evaporation of the 
cooling liquid will occur, however. The heat con- 
ducting material provides a more nearly isothermal 
layer against the wick 50 by conducting the heat in 
the air away from the wick directly down to the 
cold liquid 20. This allows the liquid 20 to travel to 
a greater height within the wick 50 before evapora- 
tion occurs. The disadvantage to using this heat 
conducting material is that the heat conducted into 
the liquid 20 heats the liquid, causing it to evap- 
orate at a faster rate from the surface 22. 

AlthougrTlfie present apparatus can be manu- 
factured on any appropriate scale, it has been 
found that a wick 50 and a sleeve 60 both having a 
length of up to fourteen inches is practical and 
efficient for use with pore volume and surface area 
analyzers. 

A second embodiment of the present invention, 
shown in FIG. 2, is a multi-layered temperature 
controlling apparatus 100. FIG. 2 Is a vertical cross- 
sectional view similar to that shown in FIG. 1 for 
the first embodiment In the second embodiment, 
the container 12, liquid 20, sample 25, vessel 30, 
and wick 50 are similar to that for the first embodi- 
ment shown in FIG. 1; however, a modified sleeve 
160 is provided. The modified sleeve 160 defines a 
lip 162 extending inwardly at a right angle to the 
sleeve 160. The purpose f the Hp 162 is to inhibit 
some of the unnecessary evaporation of the liquid 
from the uppermost nd 56 of the wick. The lip 162 
extends from the uppermost edge 163 of the 



sleeve to a predetermined point spaced away from 
the external wall of the vessel 30, defining an 
annular space 164 between the vessel 30 and lip 
162 through which evaporating liquid can escape, 
s Preferably, the modified sleeve 160 comprises a 
heat insulating material such as epoxy-filled woven 
glass filaments having the properties described 
above. 

A heat conducting sleeve 180 surrounds the 

10 modified heat insulating sleeve 160 and the lip 162 
of the modified sleeve, and conducts the heat from 
the warm ambient air down to the cold liquid 20 
within the container 12. Alternating layers, as 
shown, increase the liquid transport action of wick 

is 50. It will be understood that further alternating 
layers of heat conducting material and heat insulat- 
ing material may surround the wick 50. 

A third embodiment of the present invention, 
* shown in FIG. 3, is a single-layered temperature 

20 controlling apparatus 110. FIG. 3 is a vertical cross- 
sectional view similar to that shown in FIG. 1 for 
the first embodiment In the third embodiment, the 
wick and heat insulating sleeve are integrally 
formed of one material. The wick 150 has an inner 

25 region 152 which is porous, and the other surface 
158 of the inner region is fused or otherwise 
formed into a barrier, impervious to the liquid 20. 
The uppermost end 156 of the wick is not fused to 
allow gaseous molecules from the evaporating liq- 

30 uid 20 to escape. 

The wick 150 comprises a porous material that 
can be formed with a dense layer on its outer 
surface. Such material Is preferably porous plastic, 
which can be fused on its outer surface 158, for 

35 example by the application of heat. 

The temperature controlling apparatus 10, of 
the preferred embodiment of the present invention, 
shown in FIG. 1, can be used for pore volume and 
surface area analysis according to the following 

40 procedure. Before the vessel 30 is immersed in the 
liquid 20 contained within the container 12, the 
wick 50 is inserted over the uppermost end 36 of 
the vessel 30 so that it covers as much of the 
tubular portion 34 of the vessel 30 as possible, 

46 preferably completely covering the lower end of the 
tube 34 adjacent to the sphere 32. The heat in- 
sulating or heat conducting sleeve 60 or 160 Is 
fitted over the wick, along with any additional in- 
sulating or conducting layers, either before or after 

so the wick is installed. The sample 25 is placed 
within the sphere 32 of the vessel 30 at any conve- 
nient time, prior to the attachment of the uppermost 
end 36 of the vessel to the appropriate pore 
volume/surface area analyzer. The attached vessel 

55 30 is then either lowered into the liquid 20 or the 
container 12 is raised so that the wick 50 extends 
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below the surface 22 of the liquid enabling the 
liquid to pass upwardly by capillary action through 
the capillary passageways within the wick 50 to- 
ward the uppermost end 56 of the wick. 

The liquid 20 within the capillary passageways 
of the wick 50 remains at the same predetermined 
height with respect to the vessel 30 regardless of 
the height of the surface 22 of the- liquid in the 
container 12, as long as the lowermost end 54 of 
the wick is in contact with the liquid 20. Therefore, 
a change in the volume of the liquid 20 in the 
container due to evaporation of the liquid, will not 
affect height of the liquid 20 within the wick 50 
surrounding the tube 34 of the vessel. The height 
of the liquid 20 within the wick will be determined 
by various factors including the diameter, composi- 
tion and height of the wick: the capillary nature and 
temperature of the liquid; and atmospheric pres- 
sure; and the efficiency of any existing isothermal 
or insulating sleeves. 

The cold liquid 20 within the wick surrounding 
the vessel 30 keeps the vessel and the gases 
within the tube 34 of the vessel 30 at a constant 
temperature. Any change in the pressure within the 
vessel 30 must therefore be attributed solely to the 
-adsorption of gas by the sample 25, provided the 
vessel 30 is sealed and remains so. The amount of 
gaseous adsorption by the sample is normally plot- 
ted on a graph, producing a BET curve for that 
particular sample which can be mathematically 
converted into a value representing the pore vol- 
ume or surface area of the sample. 

As described above, the heat conducting the 
heating insulating sleeves surrounding the wick 50 
increase the efficiency of the wick by providing an 
impermeable barrier around the wick, preventing 
evaporation of liquid 20 from the side 58 of the 
wick 50. The heat conducting sleeve also conducts 
heat from the air directly down to the liquid 20 in 
the container 12, such sleeve preventing a large 
amount of the external heat from entering the wick 
50. If the wick is surrounded by multiple sleeves, 
as shown in FIG. 2 and described above, the 
amount of heat entering the wick is significantly 
reduced. The heat in contact with the heat conduct- 
ing sleeve 180 is conducted to the liquid 20 in the 
container 12, reducing the heat input to the heat 
insulating sleeve 160 by a large amount The heat 
insulating sleeve 160 retards an additional amount 
of the heat, depending on the thickness and quality 
of the insulating material comprising the insulating 
sleeve. Therefore, only a small quantity of the heat 
from the air passes through to the wick 50, causing 
a small amount of the liquid in the wick to evap- 
orate out of the uppermost end 56 of the wick. As 
evaporation occurs, more cold liquid 20 moves 
upwardly in th capillary passageways of the wick 
50 by capillary action, maintaining a constant tem- 



perature within th vessel 30. In reality, extremely 
slight temperature fluctuations might occur within 
the vessel 30 because it is impossible to achieve 
one' hundred percent efficiency; however, these 

5 slight fluctuations should have little effect on the 
surface area or pore volume measurement. 

The temperature controlling apparatus of the 
present invention provides several unique advan- 
tages which overcome the disadvantages encoun- 

70 tered in the prior art The height of the liquid 20 
surrounding the sample-containing vessel 30 re- 
mains constant due to the capillary action of the 
wick 50, facilitating unattended scientific analyses. 
" A laboratory technician or automated machine is 

is therefore not needed to replace the constantly 
evaporating liquid 20. The present invention does 
not have moving mechanical parts, and thus over- 
comes many of the problems encountered in the 
prior art. 

20 While this invention has been described in 
detail with particular reference to a preferred em- 
bodiment thereof, It will be understood that vari- 
ations and modifications can be made without de- 
parting from the spirit and scope of the invention 

25 as described herein and as defined in the following 
claims. 



Claims 

30 

1. An apparatus for cooling a sample contained 
in a vessel comprising a container of volatile cool- 

• Ing fiquid, said vessel being immersed in said 
liquid and extending above the surface of said 

36 liquid, said apparatus characterized by: 

means for conducting said liquid from said con- 
tainer along said vessel to a predetermined point 
along the length of said vessel above the surface of 
said liquid regardless of changes fn the level of the 

40 surface of said liquid. 

2. The sample cooling apparatus as recited in 
Claim 1, wherein said means for conducting said 
liquid is characterized by: 

a wick including connected capillary passageways 
45 and extending from below the surface of said liquid 
to said predetermined point so that said liquid is 
conducted to said predetermined point by capillary 
action. 

3. The sample cooling apparatus as recited in 
so Claim 2, characterized by: 

a thermally insulating layer contacting the outer 
surface of said wick and extending below the sur- 
face of said liquid. 

4. The sample cooling apparatus as recited in 
56 Claim 3, characterized by: 

a heat conducting layer contacting the outer sur- 
face of said thermally insulating lay r and extend- 
ing below the surface of said liquid. 
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5. The sample cooling apparatus recited in 
Claim 2, characterized by: 

a sleeve surrounding said vessel comprising said 
wick, and an outer sleeve of material impervious to 
said liquid, surrounding said wick. s 

6. The sample cooling apparatus recited in 
Claim 5, wherein said outer sleeve is characterized 
by: 

a heat insulating material comprising said outer 
sleeve io 

7. The sample cooling apparatus recited in 
Claim 5, wherein said outer sleeve is characterized 
by: 

a heat conducting material comprising said outer 
sleeve. 75 

a The sample cooling apparatus recited in 
Claim 2, characterized by: 
a sleeve surrounding said vessel, comprising said 
wick; 

the Inner region of said sleeve being porous; and 20 
the outer surface of said sleeve being fused into a 
layer impervious to said liquid. 

9. A method of cooling a sample contained in a 
vessel immersed in a container of volatile cooling 
liquid with a portion of said vessel extending above 25 
the surface of said liquid characterized by: 
conducting said liquid from said container along 

said vessel to a predetermined point along the 
length of said vessel above the surface of said 
liquid regardless of charges in the level of the 30 
surface of said liquid. 

10. The sample cooling method recited in 
Claim 9, wherein said step of conducting said liquid 
along said vessel is characterized by: 

conducting said liquid by capillary action. 35 

11. The sample cooling method recited in 
Claim 10, characterized by: 

thermally shielding said liquid being conducted 
along said vessel from ambient temperature 

12. The sample cooling method recited in 40 
Claim 11, wherein said step of shielding said liquid 
from ambient temperature is characterized by: 
conducting ambient heat to the surface of said 
liquid in said container. 

13. Apparatus for maintaining a constant tern- 45 
perature within a vessel when immersed In a liquid 

and extending above the surface thereof charac- 
terised by means for conducting liquid to a pre- 
determined point on the vessel and for maintaining 
the liquid at said point regardless of changes in the 50 
level of the surface of said liquid whilst said con- 
ducting means is in contact with said liquid. 
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